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(S) Method of and apparatus for transferring and compacting particulate solids. 



(57) A method of and an apparatus for pumping particulate solids that have an initial bulk density which is 
lower than its structural density ; a flow channel (12) is provided having an inlet (120) and an outlet (129) 
and includes : (i) an annular drag flow channel segment (L1) formed between a stationary outer wall 
member (14) and a rotating circular inner wall member (16) ; and (ii) a straight channel segment (L2) 
formed between a first planar and stationary wall portion (146) and a second planar and stationary wall 
portion (182) ; the inlet (120) of rotary channel (12) is that of the drag flow channel segment (L1) while 
the outlet (129) of flow channel (12) is that of the straight channel segment (L2) ; no axial cross-section 
of the flow channel (12) between the inlet (120) and the outlet (129) is smaller than the axial 
cross-section of the inlet (120) ; the particulate solid is passed through the flow channel (12) so as to 
increase the initial bulk density and to avoid melting and/or thermal degradation of the particulate solid 
whfle it passes through the flow channel (12). 
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Background of the Invention 

This invention concerns a method of pumping of, and a pump for, particulate solids. 
Generally, processing of particulate (i.e. existing in the form of particles, e.g. flakes, granules, fibres, fibrids, 
5 powders etc.) solids having an apparent or "bulk" density which is lower than the structural density of the ma- 
terial perse, such as "plastics" scrap, may presents processing problems when conveying and/or feeding the 
material into a processor, e.g. when recycling thermoplastic scrap, waste, or refuse having a low or very low 
bulk density, such as flakes or foamed particles, into an extruder via a chute or hopper and future economics 
of using and notably of recycling plastics of various kinds may be influenced significantly by the way in which 
10 low bulk density solids can be processed economically. 

While various devices are known for compressing particulate solids in the form of product stream, those 
operating continuously tend to be complicated and costly, such as extruders, or are not suitable for general 
application, such as vane-type pumps. 

EP-A-326,036 discloses a compacting device for feeding an extruder by means of a hollow piston that recip- 
15 rocates within an elongated tubular space coaxially arranged within the extruder barrel. Optionally, a precom- 
pactor having a pair of reciprocating rams may be added but in either case compaction is effected by displace- 
ment flow, i.e. a pumping effect based upon moving element pistons or rams having a contact face that presses 
or rather compresses the particulate solid. 

US-A-4,102,109 discloses a wool press wherein compression of a bulky fibre mass is effected either by 
20 displacement flow caused by the vanes of a rotor or by pressure flow such as generated at the nip of a roller 
pair. 

Finally US-A-4,142.805 (Tadmor patent herein) discloses a plastics processing method using a rotary chan- 
nel of the drag flow type, Le. where a particulate material, such as a pelletized thermoplastic polymer, is com- 
pressed within an annular space or channel formed between an essentially circular inner rotor and an essen- 
25 tially cylindrical outer housing. The expressed aim of the approach taught in Tadmor patent is to generate fric- 
tional heat within the processed material to the extent that the latter will melt and exit from the apparatus as a 
liquid product. 

Because the concepts underlying flow phenomena in general and drag flow in specific are explained in 
detail in the Tadmor patent and other publications by this author ( Z.Tadmor and I.Klein, "Engineering Principles 

30 of Plasticating Extrusion"; New York 1979; and ZTadmor et al, "Principles of Polymer Processing", Wiley 
Intersc. Publ. 1979) these publications are incorporated herein by way of reference for brevity of the speci- 
fication, and the three basic types of flow that are of interest herein, i.e. drag flow, pressure flow, and displace- 
ment flow will not be discussed in detail. 

Since the device disclosed in the Tadmor patent is for processing of thermoplastic polymers, and because 

35 a molten product is to be obtained at the exit of the device, temperatures of typically in the range of 120 to 250°C 
must be generated essentially by friction. Now, it is apparent that in order to achieve such temperatures, a 
maximum of friction and/or turbulence is required and this is achieved by deflections and restriction of the path 
which has to be passed by the material within the apparatus; local overheating may occur, notably if the proper- 
ties of the processed material stream are not reasonably uniform, and such uniformity requirements cannot be 

40 easily met when recycling thermoplastic polymers. Further, the melt-producing device disclosed in the Tadmor 
patent is of little use for processing of materials that do not melt upon heating and/or are thermosensitive, i.e. 
have a low stability against thermal degradation, such as organic substances which contain hydroxy groups 
and tend to split off water upon heating. 

As a result, melt-producing devices of the type disclosed in the Tadmor patent have been limited to pro- 

45 cessing streams of particulate thermoplastics having a reasonably high degree of uniformity, a relatively high 
bulk density, and a relatively low sensitivity to overheating. 

Typical scrap materials, however, that could or should be processed for recovery or recycling of the polymer 
that constitutes the particulate material, do not normally satisfy these requirements and cannot be processed 
economically by prior art devices, notably if the particulate solid material has low or very low bulk densities 

so and/or when requiring a processing step that is to involve compression or compaction with relatively low cost 
machinery at reasonably low temperatures below typical melting temperatures of thermoplastic polymers, i.e. 
below 120°C, preferably even below 100°C. 

OBJECTS AND SUMMARY OF THE INVENTION 

55 

The term "particulate" in connection with "solids" as used herein to define the materials of interest for the 
invention is intended to refer to normally solid materials, i.e. solid at normal ambient conditions, in the form of 
particles of such sizes that the material can be processed as a virtually continuous "stream" of material, e.g. 
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by conventional pneumatic or mechanical conveying means, and typically having average particle sizes in the 
range of from 0.1 mm to 100 mm, neither limit being considered critical. 

Now, it is a main object of the present invention to provide for a novel method of pumping particulate solids 
which may but need not be thermoplastic and may be heat-sensitive, by a method based essentially upon a 
drag flow mechanism but without the disadvantages of prior art methods and notably without significant heating 
of the material. Another object of the invention is a novel method of compressing a particulate solid for the pur- 
pose of compacting, extruding, or agglomerating the particulate solid, or for removing normally liquid compo- 
nents therefrom. 

While processing of low bulk density materials (e.g. 5 to 200 grams per litre) that may but need not be ther- 
moplastic is an important object of the invention, processing of particulate materials of most any kind and having 
a bulk density of up to about 70% of the structural density by compression with improved effectiveness as well 
as increased efficiency is an important general object of the invention. Yet a further object of the invention is 
a novel pump for solids that can be used universally for any purpose that requires compression of a particulate 
material. 

Still another object is a novel apparatus for extruding or agglomerating a particulate solid or for removing 
a normally liquid component therefrom. Further objects will become apparent as this specification proceeds 

Now, according to a first method embodiment of the invention, these objects are achieved by a novel 
method of pumping a particulate solid material having an initial bulk density and a structural density which 
exceeds the initial bulk density by (I) providing a rotary flow channel having an inlet end and an outlet end- the 
inlet end has an axial cross-section, i.e. when viewed in a plane aligned with the axis of ration and defined for 
example, between a relatively short portion of the inner wall of an external stator and a relatively long portion 
of the outer wall of an internal rotor; the rotary flow channel includes (i) a substantially annular drag flow channel 
sequent formed between a stationary outer wall member and a rotating circular inner wall member; and (ii) a 
substantially straight channel segment formed between a first essentially planar stationary wall portion and a 
second essentially planar stationary wall portion; for most purposes, the straight channel segment should pro- 
v.de a smooth-path low-friction passage of the material from the drag flow segment to the outlet, generally by 
align.ng the central axis of the straight channel segment with a tangent to the central circular axis of the drag 
flow segment; the inlet end of the flow channel is located in the annular drag flow segment, preferably at the 
upstream end thereof, while the outlet end is provided in the substantially straight channel segment, preferably 
at the downstream end thereof; further, no axial cross-section of the entire rotary flow channel between its inlet 
end an its outlet end must be smaller then the axial cross-section of the inlet end so that no constriction and 
no significant impediment to smooth flow is formed between inlet and outlet of the flow channel; the particulate 
solid is passed through the rotary flow channel so as to increase the initial bulk density and avoiding significant 
melting and/or thermal degradation of the particulate solid while in the flow channel. 

The terms "upstream" and "downstream" as used herein refer to the direction of flow of particulate solids 
through the rotary channel so that "upstream" is closer to the inlet end and "downstream" is closer to the outlet 
end of the rotary channel. 

According to its preferred general apparatus embodiment, the invention provides a pump for compressing 
a particulate solid material as defined above and comprises a rotaiy flow channel of the type just described 

40 having an inlet end and an outlet end; the rotary flow channel includes a substantially annular drag flow segment 
formed between a stationary outer wall member, also called "stator", and a rotating circular inner wall member 
also called "rotor", and (ii) a substantially straight channel segment formed between a first essentially planar 
stationary wall portion and a second essentially planar stationary wall portion; the inlet end of the rotary channel 
is located in the drag flow segment, preferably at its upstream end, while the channel's outlet end is provided 

45 in the substantially straight channel segment, preferably at it's downstream end; all dimensions of the rotary 
flow channel, when viewed in axial cross section, between the inlet end and the outlet end are selected to pro- 
vide for smooth flow and avoidance of steep deflections so as to prevent flow impediments and constrictions 
that could cause frictional heating to the point where the solid melts or decomposes. This, of course, is the exact 
opposite of what is taught by the art where steep deflections of the flow path as well as restrictions within the 

so channel or near its end are a critical requirement 

In an embodiment preferred for many purposes of processing particulate materials of low or very low bulk 
density the inventive method comprises an additional precompaction step for increasing the initial bulk density 
of the particulate solid material prior to passing it through the rotary flow channel. Gravity feeding or other suit- 
able methods including drag flow means are not excluded, however and two or more pumps according to the 

55 invention might be connected in series to form a sequence of compacting stages. 

In an analogous manner, throughput may be increased by arranging two or more inventive pumps in par- 

Whfle mere compaction by the pump may be a practical application, e.g. by providing a controlled flow impe- 
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diment downstream of the channel's outlet so as to produce a continuous mass of compacted solid, it is pre- 
ferred for many purposes of the invention to provide for an additional processing step, e.g. extrusion, agglom- 
eration including granulation, or removal of liquid constituents from the particulate solid. 

Generally and in contrast with the generally vertical alignment of the annular channel or channels disclosed 

5 in the Tadmor patent, it is preferred according to the invention to position the flow channel such that a radial 
plane, i.e. one intersecting perpendicularly with the axis of rotation of the rotor, is substantially aligned with a 
horizontal plane. In line with the above mentioned processing aims of the invention, a preferred pump comprises 
an additional means for precomp acting the particulate solid prior to feeding it into the flow channel. In a par- 
ticularly preferred embodiment of the pump, the precompacting means comprises a chute or hopper and a recip- 

10 rocatingly actuated ram for to-and-fro motion within a space or chamber at the lower end of the chute or hopper; 
an exit opening is provided for pressing material at the lower end of the hopper into the flow channel near the 
inlet thereof. The front face of the ram may be shaped to form, or not to form, a continuation of the circular 
portion of the stator wall and/or may move foreword to complete the annular channel or to form a more narrow 
portion with parallel circularity or converging in counter-rotational direction for additional momentum. 

15 Generally, the drag flow segment of the channel is substantially defined by the annular space between the 

stator and the rotor but the "peripheral length" (as appearing when viewed in an axial plane) of the stator wall 
portion must be smaller then the corresponding peripheral length of the rotor wall portion so that the strength 
of frictional contact between the solids and the rotor wall exceeds the strength of frictional contact between the 
stator wall portion. 

20 For many purposes of the invention the rotor has an annular cavity, e.g. in the form of a M U" resting on one 

of its sides while the stator wall portion of the drag flow segment is formed by an essentially cylindrical inner 
wall. However, many other geometric shapes including polygonal or round shapes may be matched to form 
the channel walls while satisfying the requirement of different frictional strength and are encompassed by the 
invention. Again in contrast with prior art teaching that friction must be increased within the chamber, the wall 
25 portion of the stator in the drag flow segment according to the invention preferably is made as smooth as poss- 
ible without protruding elements and, even by providing specific friction-reducing means, e.g. by lining the stator 
wall portion that forms one limitation of the channel with a self-lubricating material, such as a teflon. 

Generally it is preferred in a pump according to the invention that the second or "inner" stationary wall por- 
tion of the straight channel segment is aligned as a tangential plane of the innermost or base surface of the 
30 rotor wall forming a part of the drag flow segment 

Accordingly, a deflector body of a pump according to the invention will have its operating face preferably 
arranged at "zero" angle relative to the point of closest approach to the rotor. Again, this is contrast with the 
art teaching "steep" deflection angles relative to the rotor surface of 90° or more. The other or first wall forming 
the opposite lateral limitation of the straight segment should be arranged so as to form a path laterally limited 
35 by walls that are parallel or, preferably, diverge in downstream direction. 

Finally, it is preferred for many purposes to combine the inventive pump with a means for further processing 
of the solid, e.g. by extrusion, agglomeration, granulation or liquid removal. 

With the preferred embodiment of the pump for processing low bulk density materials, such as typically 
expanded polystyrene, a pass through precompactor and rotary channel may provide for compaction by a factor 
40 in the range of from about 5 to about 50 times the initial bulk density. 

When applying the invention for agglomeration or granulation a perforated element having openings in 
accordance with the cross-section of the agglomerates can be arranged downstream of the pump's outlet and 
a scraper means at the backside of the perforations serves to control the length of the agglomerates. 

When processing for liquid removal from a particulate solid, e.g. for removal of water, extraction fluid, or 
45 solvent contained in the particulate solid material, suitable outlets can be arranged in the wall of the flow chan- 
nel, e.g. in the stator wall or in the walls of the straight channel segment or by forcing the compressed material 
that emanates from the pump against a separator member with a plurality of small openings, such as a sieve 
plate or the like filtering device. 

50 DESCRIPTION OF THE DRAWINGS 

The invention will be further exemplified but not limited by means of the enclosed drawings illustrating cer- 
tain preferred embodiments of the invention and in which: 

Fig. 1 A is a diagrammatic an partially broken away perspective view of a pump according to the invention; 
55 Fig. 1B is a sectional and partially broken away side view of the apparatus of Fig. 1A ; 

Fig. 1 C is a sectional and partially broken away top view of the apparatus shown in Fig. 1 A; 

Fig. 2 is a diagrammatic sectional side view, somewhat enlarged and simplified, of rotor and stator of a 

pump similar to that shown in Fig. 1 A; 
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Figs. 3A and 3B are semi-diagrammatic sectional views of an inventive pump with a hopper instead of the 
precompactor shown in the preceding Figures; 

Figs. 4A and 4B show a similar pump as in Figs 3A and 3B except that a ram-operated pre-compactor has 
been added; 

5 Fig. 5 is a sectional partial view of a modified rotor; 

Figs. 6 and 7 are diagrammatic sectional views of the connection of the pump with additional processing 
devices; and 

Figs. 8A, 8B, 8C. 8D and 8E are diagrammatic perspective views of a mass of a particulate solid that is to 
be moved along a plane illustrating aspects of a mathematical model of some basic concepts of the inven- 
10 tion. 

Figure 1 A is a schematic illustration of a solids pump 1 comprising a mechanical compactor device 13 for 
passing a low bulk density material (not shown) along the path indicated by a dash-pointed line starting at the 
upper end of hopper 1 39 having, at its lower end, a chamber 130 in which the feed material is pressed by ram 
131 through opening 137 which can be regarded as an entry 103 into flow channel 12. The actuation drive of 

15 ram 131 for reciprocating movement within a casing 132 is not shown. Preferably, a pneumatic drive wll be 
used to cause reciprocating movement of ram face 133 towards flow channel 12 and a away from it. At the end 
of each forward motion of ram 131, ram face 133 may either be in alignment with opening 103 or proceed 
towards the innermost wall of rotor 16. 

Flow channel 12 is defined essentially by a first and substantially annular drag flow section L1 formed be- 

20 tween stator 14 and rotor 16. A wedge-shaped deflector 18 is arranged so that its acute end or apex 181 is in 
sliding contact with those walls of rotor 16 that define the rotating portion of the drag flow segment L1 of channel 
12. An essentially straight channel segment L2 is formed between a first and essentially planar wall portion 
148 of stator 14 and a second and essentially planar warm 1 82 provided by deflector 18. Obviously, the upper 
and lower wails of the drag flow segment L2 are formed by the horizontal end flanges of rotor 16. A portion of 

25 the lower and upper (broken away) wall of segment L1 will also be formed by the flanges of rotor 16 but the 
end portion may be complemented by a continuation of stator wall 148, a bottom member 19, a continuation 
147 of wall 182 and a top wall (notshown)so as to form an outlet end 129 of flow channel 12 preferably matching 
the cross-sectional geometry of the circular segment but with an outwardly increasing cross-sectional area. 
As will become apparent from this diagrammatic presentation, forward motion of the particulate material 

30 in annular channel segment 12 will be effected essentially by drag flow while continued motion of the particulate 
material in segment L1 of channel 12 will be caused increasingly (as downstream movement continues) by dis- 
placement flow caused by particulate solids in further up-stream portions of channel 12. 

The compacted material that emanates from outlet 19 passes into the barrel (not shown) of a conventional 
extruder 15 shown in broken lines to emphasize the optional nature of this additional processing device. 

35 As shown in the sectional view of Fig.1 B, rotor 16 is driven by a motor 169 to rotate around axis A in the 

direction of the curved arrow depicted in Fig 1A. In Fig.lB the solid particulate material is shown diagrammati- 
cally to fill hopper 1 39 as well as precompaction chamber 1 30 in which it is compressed and pressed into chan- 
nel 12 whenever ram 131 is moved by its drive 135 in the direction toward pump 1. When ram 131 is in its most 
forward position at the left end of its back-and-forth motion it may become, for a short time, a part of the of the 

40 wall of channel 12, or it may proceed into a position closer to rotor 16. In any case it is assumed that any drag 
flow effect in the channel space between ram face 133 and rotor 16 is minor if compared to the displacement 
flow caused by ram 131 in radial direction. Accordingly, any possible contribution of this temporary channel 
portion will noimally be disregarded when calculating the length of segment L1 in the examples below. 

The temporary channel portion formed between ram face 1 33 when moving into the position of exit opening 

45 137 of chamber 130 is again apparent from the top view shown in Fig. 1C. Here, the extent of opening 137. 
e.g. between lines K and E and defined by angle a is shown and it becomes apparent why the inlet end of chan- 
nel 12 is assumed to be defined by the axial cross-section of channel 12 in the radial plane defined by line K. 
Fig. 1 C further shows the preferred alignment of wall 1 82 of deflector 1 8 such that it coincides with a tangential 
plane T defined by an angle p of 90°at the intersection of axial plane M defined by edge 1 81 , i.e. the line where 

so deflector 1 8 is in sliding contact with rotor 1 6. As is also apparent from Fig 1C, wall portion 148 of stator 14 is 
arranged such as to provide a diverging end portion or segment L2 explained above. 

Fig. 2 is shown to explain exemplary configuration parameters of stator 16. Essentially, rotor 16 can be 
formed by two parallel circular plates or walls 164, 165 that are interconnected by a cylindrical body or wall 
166. Then, the inner faces 161, 162, 163 formed around channel 12 will constitute the moving portion of the 

55 drag flow section of channel while the cylindrical stator wall portion 141 forms the stationary portion of the drag 
flow section of channel 12. A lower wall or bottom 142 of the stator is shown but the upper wall or lid has been 
omitted for simplicity of presentation. The parameter "H" in Fig. 2 defines the "height" of flow channel 12 and 
its drag flow segment, i.e.the perimeter of stator surface 141 as well as that of the cylindrical base surface 1 63 
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of rotor 16. "W in Fig. 2, on the other hand defines the "width" of the channel 12 and a simple operational par- 
ameter can be given by defining the ratio of the stator parameter H to the rotor parameter W+H+W. This, how- 
ever, is given but as an illustrative example because the rotor part of the channel could as well be formed of 
only one, e.g curved wall, or two or more than three wails. For reasons explained in more detail in connection 

5 with the mathematical model, the rotor wall parameter exemplified by W+H+W should always exceed the stator 
wall parameter exemplified by H, e.g. by a factor of 3 or more. With regard to gap "G" between rotor 16 and 
stator wall 141 , such gap is not believed to be overly critical as long as it is smaller than the particle size of the 
solid. When processing very fine particulate solids or when the actual material processed contains or tends to 
form fines, a suction device may be arranged within the pump housing to remove fines as they pass through 

10 any gaps. 

Figures 3A and 3B are semi-diagrammatic sectional views in vertical or axial (Fig.3A) and horizontal or 
radial planes. Pump 31 is fed without significant precompaction from hopper 33. Flow channel 32 is formed by 
stator 34, a monolithic rotor 36 formed by a circular bottom plate 365 plus attached flanges and a deflector 38 
to define one side wall of the straight channel segment forming part of outlet end 39. Rotor 36 moves in the 

15 direction of the circular arrow under the impact of drive motor 369 and its connector or shaft 368. The stator 
housing is closed on its top side by a lid or cover 349 that can be removed for maintenance. 

Figures 4A and 4B are semi-diagrammatic sectional views showing a pump 41 similar to that of Figs. 3A 
and 3B except that a precompactor 43 is added as explained above. Ram 431 is moved by a pneumatically 
operated actuator 435. A pump of this type was used in examples illustrating test runs with several types of 

20 materials and the sig nificant parameters of the length of the drag flow segment L1 and that of the straight seg- 
ment 12 are indicated. The inlet of flow channel 421 is assumed to be in the axial plane K; the end of drag flow 
segment L1 is assumed to be defined by the axial planethat intersects with stator wall 44. Outlet end 49 can 
be connected with the inlet of a coordinated processor device 45 or provided with a pressure sensor for testing 
the effectiveness of the operation of the pump when used for compressing different materials. Ram 431 may 

25 have its front face 433 shaped to complete a circular enclosure of channel 421, and foreword movement of 
ram 431 could be limited to do so or be controlled so as to proceed beyond circular completion for increased 
precompaction of the material before it enters into channel 421 at the cross-section thereof defined by the ver- 
tical plane through line K. Alternatively, as shown in broken line, front face 436 of ram 431 may be shaped in 
a manner that provides for progressed precompaction within the material that is more distanced from line K if 

30 the front edge ("upper" edge in Fig. 4B) of front face 436 that is closer to line K moves into a position that essen- 
tially coincides with the outer radius of channel 421 at line K. With the non-coaxial curvature of front face 436, 
or a functional equivalent, the edge of ram face 436 that is more removed from K ("lower" edge in Fig. 4b) may 
move foreword towards the rotor 460 until it substantially contacts the vertical annular surface thereof so as to 
generate an additional "pumping" momentum in the material upon precompaction thereof by ram 431. 

35 Fig. 5 is a diagrammatic sectional and broken-away view of a modification of rotor 56 having two additional 

wall-forming rings 561 , 562 so as to enlarge the ratio of the rotor surface relative to the channel-forming portion 
of stator wall 54. 

Fig.6 illustrates an example of the connection between pump channel 62 and an associated device 60 
which in Fig.6 is a simple flow control rod 601 to permit generation of a substantially increased resistance of 

40 the particulate solids that form a bed of compressed material within channel 62 so as to press out liquid initially 
contained in the particulate solid. Opening for the pressed-out liquid can be provided within the pump or in the 
associated device 60 but are not shown in the drawing. 

Fig.7 shows a view similar to that of Fig. 6 except that device 70 is a granulator that receives compressed 
particulate material from channel 62 and includes a perforated tubular element 702 provided with a scraper 

45 702 for removal of the granulate formed. Element 701 and/or scraper 702 could be actuated for relative 
rotational motion. The diameters of the granules formed will be determined essentially by the openings of ele- 
ment 701 while the length of the granules will depend upon the speed of the relative motion between scraper 
702 and element 701 . 

Figures 8A, 8B, 8C, 8D and 8E are perspective diagrammatic representations of a mass M composed of 
50 particulate solid that is moved under the impact of different types of forces plates along a surface R1 or along 
a channel 80. Details will be given in Example 7. 

Generally, the novel pump tends to exhibit a maximum drag flow effect and a minimum of mechanical dis- 
placement flow when flow resistance within the channel is low. With an increase of flow resistance, accumu- 
lation of solid at the downstream portion of the channel will increase and so wilt compaction therein, normally 
55 until an equilibrium is reached as indicated by a constant rate of discharge of compacted material. Optimum 
parameters can be established by means of a few simple tests for any given material and processing object 

Preferably, the rotor drive is a constant-power drive motor, i.e. a hydraulic, electric, or pneumatic drive 
which can be operated such that the product of torque of the drive and drive velocity remains substantially con- 
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stant when in operation under varying external loads. 

The embodiments of the novel solids pump shown in the figures illustrate preferred embodiments of the 
invention and the illustrated combinations of a solids pump according to the invention with specific feeding 
means and/or specific devices for utilising the compressing effect of the novel pump for improved operation of 

5 various means for processing of particulate solids are by no means limiting. The inventive method as well as 
the inventive pump will find many advantageous applications wherever particulate solids are processed, includ- 
ing production or processing of chemicals, foods, pharmaceuticals, cosmetics, plastics, agricultural chemicals, 
fertilizers, structural materials, moulding, paper production, petroleum industry including petrochemistry, recycl- 
ing of recoverable materials, etc. 

10 The invention will now be further explained in the following examples given for illustration and not limitation. 

Examples 1*6 

A pump essentially as shown was used with the following parameters (cf. Figures 1, 2 and 4): 

15 

Perimeter of stator wall in an axial plane 





(H, Fig. 2) 






0. 


048 


m 


20 


Perimeter P 2 of rotor wall in an 


axial 


plane 










(W + H + W , Pig. 


2) 




0. 


198 


m 




Length of channel portion 421 


(Fig. 


4B) 


0. 


792 


m 


25 


Length of channel portion 422 


CFig. 


4B) 


0. 


342 


m 




Channel height {H, Fig. 2) 






0. 


048 


m 




Channel width (W, Fig. 2) 






0. 


075 


m 




Outer diameter of rotary channel 






0. 


6 


m 


30 


Inner diameter of rotary channel 






0. 


45 


m 




Average diameter of rotary channel 




0. 


525 


m 



35 



Cross-sectional area of channel in portion 421 



(Fig. 4B) 0.0036 m 2 



Cross-sectional area of "channel in exit portion 



422 (Fig. 4B) 0.00576 m 2 

40 Stator wall coating Polytetraf luoroethylene 

Wall material C40 steel 



In Example 1 "Maralene" (registered trademark) low density polyethylene recovered from recycled "Tet- 
45 rapak" (registered trademark) packaging of about 90 % purity containing about 10 % of A1 plus inks and other 
residues in the form of granules of about 3x3 mm having a bulk density (measured on solids at inlet) of 497.5 
g/l and a structural density of 920 g/l with a humidity content was used to test pump effectiveness by measuring 
the exit force (in kg) using a commercial pressure sensor (loading cell) at exit 49 of Fig. 4B. A constant power 
drive was used as drive "469" and the speed of rotation was monitored as well as the temperature of the rotor. 
so Solid bed length was measured by means of a length probe. "RC speed" is the speed of the rotary channel in 
terms of rotations per minute. 

The change of these operational parameters was determined in dependence upon the mass (expressed 
in kg) of particulate solds accumulated in the channel and the results are given in Table I. 
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RC speed 
(rpm) ' 


test temp. 
CO 


mass in 
channel 

\ ivy i 


exit force 
(kg) 


length of 
solid bed 


32.2 


32 


0.2 


0 


0.304 


32.2 


32.5 


0.4 


0 


0.399 


32.2 


32.9 


0.6 


0 


0.429 


32.2 


33.5 


0.8 


1.24 


0.504 


32.2 


34.3 


1 


3.7 


0.564 


32 


33.6 


1.2 


18.60 


0.624 


31.6 


37.5 


1.4 


71.42 


0.704 


23 


40.7 


1.6 


186 


0.774 


14 


42.1 


1.8 


347.18 


0.854 


9 


48 


2 


496 


0.934 


5 


48.6 


2.2 


607.56 


1.014 



Example 2 was repeated essentially as is described for Example 1 except that the "Maralene 11 material was 
in the form of flakes of about 30 x 30 mm with a thickness of 10-20 micrometers and a bulk density of 16 g/l. 
The results are as reported in Table II. 



TABLE II 



RC speed 
(rpm) 


test temp. 
( °C) 


mass in 
channel 
(kg) 


exit force 
(kg) 


length of 
solid bed 
(m) 


32.2 


38.7 


0.2 


1.85 


0.384 


32 


38.2 


0.4 


8.68 


0.614 


31.1 


40.3 


0.6 


46.50 


0.534 


31.3 


42.7 


0.8 


55.80 


0.664 


31 


46 


1 


89.90 


0.694 


30.9 


49.3 


1.2 


99.2 


0.924 


24 


53.7 


1.4 


229.4 


0.950 


20 


65.5 


1.6 


303.58 


0.984 


19.9 


68.7 


1.8 


464.97 


1.004 


8 


83 


2 


483.57 


1.024 



Example 3 was operated essentially in the same manner as example 1 except that the material used was 
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expanded polystyrene in the form of globules of about 2 mm diameter. Bulk density at inlet end of rotary channel 
was 7.51 g/l while the structural density was 1030 g/I. 
The results are reported in Table 111. 



TABLE III 



10 


RC speed 
( rpra ) 


test temp. 
(°C) 


mass in 
(kg) 


exit force 


length of 
solid Dea 
(m) 




32 


19.7 


0.04 


14 26 


n a a 

U • 0 o ^ 


15 


31.3 


22.2 


0 . 08 


43.40 


fl A 
U • jDH 




29.7 


25 


0.12 


71.30 


0.654 




29 . 3 


30 


0.16 


96.09 


0.724 


20 


28.8 


34.8 


0.20 


114.70 


0.724 


28.3 


37.5 


0.24 


124 


0.734 




24.6 


40 


0.28 


142.60 


0.914 




25 


42.3 


0.32 


148.80 


0.984 


25 


23 


45.1 


0.36 


164.29 


1.064 




27 


46.9 


0.38 


134.53 


1.024 




27 


50.1 


0.42 


148.79 


1.034 


30 


26.5 


51 


0.46 


144.45 


1.064 


29.5 


52 


0.50 


120.89 


1.134 



35 



Example 4 was carried out in the same manner as example 3 except that the material used to test the pump 
was -Rigidex" (registered trademark), a high-density polyethylene, in the form of granules of about 3x3 mm 
with a bulk density of 61 6.9 g/l and a structural density of 948 g/l. 

The results are as reported in Table IV. 



40 



45 



50 
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TABLE IV 



5 


RC speed 
(rpm) 


test temp. 
<°C) 


mass in 
channel 
(kg) 


exit force 
(kg) 


length or 
solid bed 
(m) 


10 








n no 


ft 0 A 4 




32.2 


38.7 


0.4 


0.00 


0.344 




32.2 


38.7 


0.6 


0.00 


0.364 




32.2 


37.5 


0.8 


0.00 


0.464 


15 


32.3 


37.3 


, 1 


0.62 


0.504 




32.2 


36.5 


1.2 


1.24 


0.594 




32.2 


35.8 


1.4 


4.96 


0. 634 




31.5 


36.8 


1.6 


16.12 


0.694 


20 














31.8 


36.3 


1.8 


27.90 


0.784 




31.5 


37.2 


2 


43.40 


0.884 




31.5 


39.1 


2.2 


86.80 


0.974 


25 


27 


42 


2.4 


155.00 


1.034 




20 


45.8 


2.6 


216.99 


1.134 



30 

Example 5 was carried out as the preceding examples except that the material used to test the pump was 
"Valtec" (registered trademark), a commercial polypropylene in the form of beads having a bulk density of 458.4 
g/l f a structural density of 900 g/l and a diameter of about 2 mm;. 

The results are as reported in Table V. 

35 

TABLE V 



40 


RC speed 
(rpm) 


test temp. 
(°C) 


mass in 
channel 
(kg) 


exit force 
(kg) 


length of 
solid bed 
(m) 




7 


45 


2.250 


471.17 


1.134 


45 


7.5 


51.9 


2.250 


465 


1.134 



Example 6 was carried out in the same manner as example 5 except that the "Moplen" (registered 
so trademark) polypropylene in the form of 3 x 3 mm granules having a bulk density of 586.6 g/l and a structural 
density of 900 g/l was used to test the pump. 
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The results are as reported in Table VI. 



TABLE VI 



10 



15 



RC speed 
(rpm) 


test temp . 
<°C) 


mass in 
channel 
(kg) 


exit force 
(kg) 


length of 
solid bed 
(m) 


16 


45 


2.250 


235.58 


1-014 


13.9 


55.4 


2.550 


247.98 


1.134 



Example 7 

A mathematical model was developed to show important parameters when operating the invention (cf. Fig- 
ures 8A to 8E). 

Considering the behaviour of a body or mass consisting of a particulate solid of mass M resting on a plane 
Ri and moved by displacement, e.g. a ram, along the plane by a force F 1f the condition of steady motion is 

F l ~ Fl^M (eqU - 7 * 1) 

wherein F M is the force-equivalent of the weight of the solide and m is the coefficient of friction between 
the mass of particulate solid and plane R v When an additional second force F 2 is added and acts upon the 
solid mass in a direction perpendicular to plane R t , then 

30 

When the same mass M of particulate solid is pushed by mechanical displacement, as by a ram, through a 
35 chamber of constant longitudinal cross-section and length L, the (so-called Janssen) formula will apply: 



F L = F 0 -expi-JHCPL/A) (equ* 7.3) 

40 

in which 

F c = Initial applied force (e.g. expressed in kg) 

F L = axially transmitted force at distance L (e.g. expressed in kg) 

K = ratio of radial to axial compressive forces 
45 P = effective perimeter of cross-section (e.g. expressed in meters) 

A = cross-sectional area (e.g. expressed in m 2 ) 

n = coefficient of friction between solids and the channel walls. 

In the closed chambermodel investigated by Janssen, any pressure effected or created within the chamber 

must have a direction preventing out-flow and the main prior art interest in equ. 7.4 (below) concerned improve- 
so ments of the out-flow conditions of granular substances, such as cereals, form cylindrical or conical silos (cf. 

Z. Vereinig. Dtsch. Ing., 39 (1985), pages 1045-1049; Tests on grain pressure silos". In contrast, the invention 

is based upon the use of drag-flow to effect pumping of particulate solids, and a simple model can be set up 

assuming a chamber having a square cross-section. There is no other mechanical displacement as that effected 

by a ram, and motion is assumed in a horizontal plane. Mass M of a particulate solid is dragged on plane 
55 by motion of wail R 2 relative to plane R t by force F 3 . This results in drag-flow of the solid in the direction of 

force F 3 . Then, the above prior art equation 7.3 can be transformed, according to the invention, as follows: 
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F L = F M -exp[(P 2 .^i 2 -P 1 -p 1 )KI./A)3 (equ. 7.4) 

5 wherein 

F M = initial applied force (e.g. in Kg) 

P 2 = perimeter (e.g. length in axial plane) of the moving wall portion of the channel 

u 2 = coefficient of friction between the particulate solids and wall R 2 (adimensional entity) 

Pi = perimeter (e.g. length in axial plane) of the stationary wall portion of the channel 

10 m = coefficient of friction between particulate solids and the stationary wall portion of the channel 
K = ratio of radial stress to axial stress (an adimensional 
L = length of the solid bed formed within the channel (e.g. in m 2 ) 
A = cross-sectional area of channel in axial planes (e.g. in m 2 ). 

The practical result of this novel approach as taught by the invention is that the forces against the moving 

15 wall transforms a frictionnal (which is negative with respect to the motion) into a positive one. Dragging due to 
a single moving wall is poor, however, and the condition m = u. 2 describes a physical situation in which no flow 
will occur. Flow starts to occur when m > \i 2 and improves when P 2 approaches Pi as a consequence of the 
reduction of the two walls perpendicular to R 2 . A problem arises here because the sectional area approaches 
zero thus making impossible any transport of the solids. 

20 Now, the pump according to the invention is a device which permits to optimize the principle indicated e.g. 

in equ.7.4 by transforming into a conveying condition a type of force which normally presents a severe obstacle 
to flow of solids. 

As exemplified by the diagrammatic view of Fig, BE this is caused because the majority of the walls 81, 
82, 83, 84 that foim the channel 80 of the novel pump (preferably three moving walls, one stationary) generates 
25 a "friction drive" in the direction of the flow, and this mechanism becomes more and more efficient when the 
pressure inside the channel increases because of an increasing flow resistance. In practice, two opposed but 
synergic phenomena are to be observed when operating according to the invention: 

(A) On one side the channel tends to clog because of an exponential increase of pressure according to 

equ. 7.3; 

30 (B) on the other side, phenomenon (A) creates the optimum conditions for positive function which drives 

the solids in the direction of the flow. 

On the basis of the novel principle expressed by equ. 7.4, thedesign of a pump according to the invention 
with a circular channel 80 can be optimized for any given purpose by minimizing resistance within the channel 
to increase efficiency of the pump. This is quite unexpected because one would assume on the basis of the 

35 teaching of U.S. Patent No. 4,142,805 that higher friction would improve operation of a rotary channel device 
for processing particulate solids. 

From the considerations of Example 7 it appears that a preferred embodiment of the invention operates 
with a rotary channel formed between at least one rotating circular channel wall portion and at least one sta- 
tionary wall portion, wherein the rotating wall portion has a periphery, viewed in an axial plane (planes extending 

40 along the axis of rotation) that is greater than the periphery, again viewed in an axial plane, of the stationary 
wall portion, e.g. because the channel 80 is formed between three rotating walls 81, 82, 83 and only one sta- 
tionary wall 84 that has essentially the same perimeter length as wall Bl of the rotary part of channel 80. 

It should be emphasized, however, that the radial plane (i.e. that intersecting perpendicularly with the axis 
of rotation) of the rotary channel will preferably be aligned horizontally in many embodiments of the invention 

45 in order that gravitational forces will not cause force gradients. 

Also, it is apparent from Example 7 that the cross-section of the channel of a rotary pump according to the 
invention must be substantially free of constrictions and/or deviations that would increase friction, and that melt- 
ing of the particulate solids must be safely prevented. For example, cooling means may be used to maintain 
the temperature of the channel within limits that guarantee that melting by frictional effects within a rotary chan- 

so nel according to the invention is prevented under all conditions of operation and automatic control means can 
be used to start cooling and/or to increase cooling efficiency in a manner known per se. 



Claims 
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A method of pumping a particulate solid material having an initial bulk density and a structural density which 
exceeds said initial bulk density; said method comprising: 

(I) providing a rotary flow channel (12) having an inlet end (120) and an outlet end (129); said inlet end 
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having an axia! cross-section; said rotary flow channel (12) including: (i) a substantially annular drag 
flow channel segment (L1) formed between a stationary outer wall member (14) and a rotating circular 
inner wall member (16); and (ii) a substantially straight channel segment (L2) formed between a first 
essentially planar stationary wall portion (148) and a second essentially planar stationary wall portion 
5 (1 82); said inlet end (120) being provided in said substantially annular drag flow channel segment (L1 ) 

while said outlet end (129) is provided in said substantially straight channel segment (12); and wherein 
no axial cross-section of said rotary flow channel (12) between said inlet end (120) an said outlet end 
(129) is smaller than said axial cross-section of said inlet end (120); and 

(II) passing said particulate solid through said rotary flow channel (1 2) so as to increase said initial bulk densfy 
10 and avoiding sgnifaart particulate scfid whteinsaid flew channel (12). 

2. The method of claim 1 comprising an additional precompaction step for increasing said initial bulk density 
of said particulate solid material prior to passing same through said rotary flow channel (12). 

15 3. The method of any of claims 1 or 2 comprising at least one additional further step for processing said par- 
ticulate solid material by agglomeration, removal of liquids, or extrusion. 

4. The method of any of claims 1-3 wherein said rotary flow channel (12) is aligned substantially in a hori- 
zontal plane. 

20 

5. A pump (1 ) for compressing a particulate solid material having an initial bulk density and a structural density 
which exceeds said initial bulk density; said pump comprising: (I) a rotary flow channel (12) having an inlet 
end (120) and an outlet end (129); said inlet end having an axial cross-section; said rotary flow channel 
(1 2) including: (i) a substantially annular drag flow channel segment (L1 ) formed between a stationary outer 

25 wall member (14) and a rotating circular inner wall member (16); and (ii) a substantially straight channel 

segment (L2) formed between a first essentially planar stationary wall portion (148) and a second essen- 
tially planar stationary wall portion (182); said inlet end (120) being provided in said substantially annular 
drag flow channel segment (L1 ) while said outlet end (1 29) is provided in said substantially straight channel 
segment (L2); and wherein no axial cross-section of said rotary flow channel (12) between said inlet end 

30 (1 20) an said outlet end (1 29) is smaller than said axial cross-section of said inlet end (1 20) so as to provide 

for smooth passage of said particulate solid material through said rotary flow channel (12) and preventing 
melting and/or thermal degradation of said particulate solid material within said rotary flow channel (12) 
of said pump (1). 

35 6. The pump of claim 5 comprising an additional means (13,33) for precompacting said particulate solid prior 
to passing it through said rotary flow channel (12). 

7. The pump of claim 6 wherein said additional precompaction means (13) comprises a hopper (139) and a 
ram (131,431) for reciprocating motion within a chamber (132) having an exit (137) formed to cooperate 

40 with a ram face (133,433,436) so as to push said particulate solid material towards said rotating circular 

innerwall member(16) and into said rotary flow channel (12, 421) when said reciprocating motion of said 
ram (131,431) moves the latter towards said exit (137). 

8. The pump of any of claims 5-7 wherein any axial cross-section of said annular drag flow channel segment 
45 (L1) is substantially defined by a wall portion (141) of said stationary wall member (14) and a coordinated 

wall portion (161,162,163) of said rotating wall member (16) such that frictional contact strength between 
said particulate solid material and said wall portion (161,162,163) of said rotating wall member (16) sub- 
stantially exceeds frictional contact strength between said particulate solid and said wall portion (141) of 
said stationary wall member (14). 

50 

9. The pump of any of claims 5-8 wherein said second stationary wall portion (182) of said substantially 
straight channel segment (L2) is essentially defined by a tangential plane (T) of an innermost surface (163) 
of said rotating wall member (16) while said first stationary wall portion (148) is arranged to provide for an 
essentially constant or an increasing cross-section of said substantially straight channel segment (L2) 

55 towards said outlet end (1 29). 

10. The pump of any of claims 5-9 comprising at least one additional means (6,7, 1 5) for processing said par- 
ticulate solid material by. extrusion, removal of a liquid component, or agglomeration. 
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Fig. 3 A Fig. 3B 
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Fig. 8 A 
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